A novel actinobacterial strain, designated T , was isolated from the Thal desert in Punjab, Pakistan, and characterized by using a polyphasic taxonomy approach. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain NCCP-696 T belongs to the genus Nocardioides and showed the highest level of sequence similarity with respect to
T contained Iso-C 16 : 0 , C 18 : 1 !9c, C 17 : 1 !8c and C 17 : 0 as the predominant fatty acids and was found to have LL -2,6-diaminopimelic acid in the cell-wall peptidoglycan. The polar lipid profile consisted of phosphatidylinositol, phosphatidylglycerol and one unknown phospholipid. The major menaquinone was MK-8(H 4 ) (98.7 %) while a minor amount (1.3 %) of MK-9(H 2 ) was also detected. The DNA G+C content of the genomic DNA was 71.6 mol%. The DNA-DNA hybridization value of the isolate against the closely related type strain Nocardioides panacisoli Gsoil 346 T was 56.3 ±1. 4 . On the basis of the phylogenetic inference, chemotaxonomic characteristics and phenotypic data, strain NCCP-696 T should be classified as a novel species, for which the name Nocardioides thalensis sp. nov. is proposed. The type strain is NCCP-696 T (=DSM 103833 T =CCTCC AB 2016296 T ).
The genus Nocardioides, with Nocardioides albus as the type strain, was proposed by Prauser [1] . At the time of writing, the genus Nocardioides contained 86 species with validly published names (http://www.bacterio.net/nocardioides. html). Members of this genus are Gram-positive, non-acidfast, aerobic and motile or non-motile actinomycetes [2] . The genus Nocardioides is cosmopolitan in distribution, being isolated not only from soil [1, 3] , but also from sea water [4, 5] , volcanic ash [6] , sea urchins (Tripneustes gratilla) [7] , desert [8] , ground water [9] , beach sand [10] , a glacier [11] , mountain soil [12] , forest soil [13] and sediment samples [14, 15] . Some species of this genus were also isolated from medicinal plants (Jatropha curcas L) [16] , root of the living fossil Ginkgo biloba L [17] and maize [18] .
In the present study, we have attempted to isolate microorganisms from a desert in Pakistan in order to investigate the community structure based on a culture-dependent method. In this study, strain NCCP-696 T was isolated and characterized by using a polyphasic taxonomy approach, including phylogenetic analyses based on 16S rRNA gene sequences, genomic relatedness and chemotaxonomic and phenotypic properties.
Strain NCCP-696
T was isolated from the Thal desert situated in Punjab (31 23¢ N, 71 26¢ E), Pakistan, using the serial dilution technique on R2A (BD) agar plates adjusted to pH 7.0. The isolation plates were incubated at 37 C for 7 days. Colonies were picked and repeatedly re-streaked on R2A agar medium, and kept at 37 C, until purity was confirmed. The purified strain was routinely cultivated and stored as aqueous glycerol suspensions (20 %, v 
Morphological characteristics of strain NCCP-696 T were determined by light microscope (BH2; Olympus) and scanning electron microscope (SEM, Quanta 200; FEI) after the cultures were grown on R2A agar medium at 37 C for 3 days. Samples for scanning electron microscopy were prepared by taking cultures grown on R2A agar plate, washed and suspended in 20 mM phosphate buffer (pH 7.2). The cell suspension was fixed with 2.5 % glutaraldehyde at 4 C for approximately 1.5 h, dehydrated through a gradient series of ethanol and butanol, and finally critical-point dried. The dried samples were placed onto a stub-bearing adhesive sputter coated with gold under vacuum and observed under the electron microscope. Gram-staining was carried out by using the standard Gram reaction and was confirmed by using the KOH lysis test method [19] . Growth at different temperatures was tested at 10, 15, 20, 30 and 42 C in the R2A broth medium. Salt tolerance limit for growth was observed with 0.5-5 % (w/v) NaCl in R2A broth medium at various concentrations (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 %, w/v, respectively). The pH range (4.0-10.0, at intervals of 0.5 pH unit) for growth was tested in R2A broth medium using the buffer system described by Xu et al. [20] . Nitrogen source utilization tests were carried out as described by Gordon et al. [21] and the ability to metabolize a sole source of carbon was tested by using a Biolog GEN III microplate, following the manufacturer's instructions (Biolog, USA) and guided by the steps described by Mergaert et al. [22] . Determination of oxidase activity was carried out using 1 % (w/v) tetramethyl-p-phenylenediamine as described by Kovacs [23] . Catalase activity was tested using 3 % (w/v) H 2 O 2 by assessing bubble production as the positive result. H 2 S production, Tween (20, 40, 60 and 80) degradation, nitrate reduction, melanin production and hydrolysis of gelatin, milk peptonization and coagulation, starch and cellulose activities were observed as previously described [24] [25] [26] . API strips (API 20NE, API ZYM) were used to determine metabolic properties and some enzyme activities according to the manufacturer's instructions (BioM erieux).
Colonies were cream-coloured after 3 days on the R2A agar medium. Cells of strain NCCP-696 T were Gram-positive, aerobic, rod-shaped, 0.3-0.4 µm in diameter and 1.5-2.4 µm in length after 3 days of growth at 37 C on R2A agar (Fig.  S1 , available in the online Supplementary Material). Strain NCCP-696 T grew at 20-42 C and pH 6.0-8.0 with optimal growth observed at [30] [31] [32] [33] [34] [35] [36] [37] C and pH 7.0. Strain NCCP-696 T could tolerate salt up to a concentration of 4 % (w/v) NaCl (optimum growth observed with 0-2.0 %, w/v, NaCl). The strain was positive for oxidase and catalase activites and also for melanin, milk coagulation and nitrate reduction, but was negative for H 2 S production. Strain NCCP-696 T was able to hydrolyse gelatin, but not cellulose, starch or Tweens 20, 40, 60 and 80. The phenotypic properties used for distinguishing strain NCCP-696
T from the closest type strain Nocardioides panacisoli Gsoil 346 T (KCTC 19470 T ) are listed in Table 1 . The detailed physiological characteristics of strain T are given in the species description.
Biomass used for chemical studies was obtained from cultures grown on R2A agar plates for 3 days at 37 C. Polar lipids were extracted, examined by two-dimensional thinlayer chromatography and identified using previously described procedures [27, 28] . Quinones were isolated as described by Collins et al. [29] and separated by high power liquid chromatography (HPLC) [30] . The genomic DNA G+C contents were determined by HPLC after enzymatic degradation [31] using Escherichia coli strain DH5a as the reference.
The major respiratory quinone was menaquinone MK-8 (H 4 ) (98.7 %), while a minor amount (1.3 %) of MK-9(H 2 ) was also observed. The polar lipids of strain NCCP-696 T consisted of phosphatidylinositol, phosphatidylglycerol and one unknown phospholipid (Fig. S2) . The major cellular fatty acids detected for strain NCCP-696 T were C 17 : 0 (12.0 %), Iso-C 16 : 0 (22.7 %), C 18 : 1 !9c (14.0 %) and C 17 : 1 !8c (11.8 %). A detailed fatty acid profile of strain NCCP-696 T is given in Table S1 . The genomic DNA G+C content of strain NCCP-696
T was 71.6 mol%. Extraction of genomic DNA and PCR amplification of the 16S rRNA gene sequence were performed as described by Cui et al. [32] and Li et al. [33] . The resulting 16S RNA gene sequence was compared with available 16S rRNA gene sequences of cultured species from GenBank via the BLAST program and from the EzTaxon-e server databases (http:// www.ezbiocloud.net/identify) [34] . Phylogenetic analyses were performed using three tree-making algorithms, the neighbour-joining [35] , maximum-likelihood [36] and maximum-parsimony [37] methods, by using the MEGA version 5.0 software package [38] . Kimura's two-parameter model was used to calculate evolutionary distance matrices of the neighbour-joining method and maximum-likelihood method [39] . The topology of the phylogenetic trees was evaluated by the bootstrap resampling method of Felsenstein [40] with 1000 resamplings. DNA-DNA hybridizations were carried out by using the fluorometric micro-well method [41, 42] . Fluorescence intensity was measured using a Fluostar Optima microplate reader (SPECTRA max GEMINIXPS) at a wavelength of 360 nm for excitation and 460 nm for emission [43] . Hybridizations were performed with eight replications. Strain NCCP-696 T clustered only with type strain Nocardioides panacisoli Gsoil 346 T (=KCTC 19470 T ), a member of the family Nocardioidaceae and showed highest phylogenetic closeness with this type strain with a high bootstrap value (Fig. 1 ). This phylogenetic relationship was also supported in the trees generated with the maximum-parsimony and maximum-likelihood algorithms ( Figs S3 and S4 , respectively). DNA-DNA relatedness between strain NCCP-696 T and Nocardioides panacisoli Gsoil 346 T (=KCTC 19470 T ) was 56.3±1.4 %, a value that is far below the 70 % cut-off value recommended for the assignment of a strain to a novel species [44] .
Nocardioides aromaticivorans H-1 T (AB087721)

Nocardioides ginsengisoli Gsoil 1124 T (AB245396)
Nocardioides simplex KCTC 9106 T (AF005009)
Nocardioides caeni MN8 T (FJ423551)
Nocardioides nitrophenolicus NSP41 T (AF005024)
Nocardioides kongjuensis A2-4 T (DQ218275)
Nocardioides montaniterrae SR-1 T (KF955611)
Nocardioides humi DCY24 T (EF623863)
Nocardioides ultimimeridianus RP-B26 T (FM997998)
Nocardioides daecheongensis KIS2-16 T (KJ135310)
Nocardioides maradonensis RP-B30 T (FM998000)
NCCP-696 T ( LC193943)
Nocardioides panacisoli Gsoil 346 T (FJ666101)
Nocardioides aestuarii JC2056 T (AY423719)
Nocardioides opuntiae OS1-21 T (FN178400)
Nocardioides terrae VA15 T (FJ423762)
Nocardioides soli mbc-2 T (JF937914)
Nocardioides aquiterrae GW-9 T (AF529063)
Nocardioides pyridinolyticus OS4 T (U61298)
Nocardioides deserti SC8A-24 T (KM816582)
Nocardioides marinquilinus CL-GY44 T (JX164255)
Nocardioides aquaticus EL-17K T (X94145)
Nocardioides lianchengensis D94-1 T (HQ657322)
Nocardioides marinisabuli SBS-12 T (AM422448)
Nocardioides salarius CL-Z59 T (DQ401092) Based on the results from phylogenetic analyses and morphological and chemotaxonomic characterizations, we suggest that strain NCCP-696 T should be considered to represent a novel species of the genus Nocardioides, for which the name Nocardioides thalensis sp. nov., is proposed. 
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